The Biodegradable nanoparticles from poly(lactic-co-glycolic acid) (PLGA) have been extensively investigated for sustained and targeted/localized delivery of different agents. Many parameters are required in the synthesis of a biodegradable polymeric nanoparticle. We report the synthesis of human serum albumin (HSA)-superparamagnetic iron oxide nanoparticles (SPIONs) loaded PLGA nanoparticles. All nanoparticles were characterized using a TEM image, UV-Vis spectroscopy measurements, Zeta Potential, and PPMS for magnetizations. This study described and investigated the interesting phenomenon in the synthesis development of HSA-SPIONs loaded PLGA nanoparticles. The result showed that the stability of HSA-SPIONs loaded PLGA nanoparticles for potential applications such as in protein delivery.
Introduction
Nanotechnology is now used for various applications in agriculture [1] , electronics [2] , forensic science [3] , space [4] , medical therapeutics [5] [6] [7] , etc.
Nanotechnology has developed to such an extent that it has become possible to fabricate, characterize and specially tailor the functional properties of nanoparticles for biomedical applications and diagnostics [8] [9] [10] . A number of different polymers, both synthetic and natural, have been utilized in formulating biodegradable nanoparticles [11] . Biodegradable nanocarriers such as lipid or polymer based nanoparticles can be designed to improve the efficacy and reduce the toxic side effects of drugs. Nanocarriers can provide a crucial advantage to various drugs and therapeutic biological molecules such as nucleic acids and proteins by improving their efficacy and reducing potential toxic and side effects. Biodegradable nanoparticles offer possibilities to protect therapeutic agents against degradation, to control their release, to overcome biological barriers and to target specific sites of action [12] [13] [14] [15] .
Biodegradable polymers based on PLGA are fully biocompatible and therefore among the most common materials used for encapsulating therapeutic agents. PLGA based nanoparticulate system is one of the most successfully used biodegradable polymers because PLGA-based nanoparticles can be used for the protection of the therapeutic agents from degradation, increase their stability, possibility of sustained release, possibility to target nanoparticles to specific organs or cells, and can be used for controlled delivery of therapeutics with improved pharmacokinetic and pharmaco dynamic profile. Another major advantage of PLGA over other polymers is that PLGA is approved by the United States Food and Drug Administration (US FDA) and European Medicines Agency (EMA) to be used in drug delivery systems in humans for parenteral administration, leading PLGA-based nanoparticles in a good position for clinical trials. Numerous antigens as proteins, peptides, lipopeptides, cell lysates, have been successfully formulated in PLGA nanoparticles [16] [17] [18] [19] .
The concept of drug delivery using magnetic nanoparticles greatly benefit from the fact that nanotechnology has developed to a stage that it makes possible not only to produce magnetic nanoparticles in a very narrow size distribution range with superparamagnetic properties but also to engineer particle surfaces to provide site specific delivery of drugs. Magnetic properties were used first in biology and medicine for the magnetic separation of biological products and magnetic guidance of particle systems for site-specific drug delivery. The size, charge, and surface chemistry of magnetic particles could strongly influence their biodistribution. Another important point is that the magnetic properties depend strongly on the size of the magnetic particles. Very promising nanoparticles for these applications are SPIONs based on a core consisting of iron oxides that can be targeted through external magnets. SPIONs are coated with biocompatible materials and can be functionalized with drugs, proteins or plasmids. Based on their unique mesoscopic physical, chemical, thermal, and mechanical properties, SPIONs offer a high potential for several biomedical applications [20] [21] . One important advantage of the magnetic nanoparticle is their superparamagnetism that enables their stability and dispersion upon the removal of the magnetic field as no residual magnetic force exists between the particles.
Albumin, a versatile protein carrier for drug delivery, has been shown to be nontoxic, non-immunogenic, biocompatible and biodegradable. Nanoparticles made of albumin offer several specific advantages: they are biodegradable, easy to prepare and reproducible. Due to the high protein binding of various drugs, the matrix of albumin nanoparticles can be used for effective incorporation of these compounds [22] . Albumin nanoparticles have a bright future in the con-trolled delivery of therapeutic agents. Albumin nanoparticles showed a high drug loading capacity in combination with biodegradability, biocompatibility. A better understanding of the mechanisms of action of these vehicles will provide a basis for their further optimization, thus opening more exciting opportunities in the area of drug delivery [23] .
HSA is an attractive macromolecular carrier and widely used to prepare nanospheres and nanocapsules. Among various available agents, HSA seems to be a promising molecule for the surface modification of polymeric PLGA nanoparticles. HSA is known to be the most abundant native protein in the human body which has various advantages, including ready availability, biodegradability, and low toxicity and immunogenicity [24] . HSA-based nanoparticles can be well tolerated without any serious side effects, which it is supported by clinical studies with registered HSA-based particle formulations. HSA has been shown to be biodegradable, nontoxic, easy to purify, and soluble in water, allowing ease of delivery by injection and thus an ideal candidate for nanoparticle preparation. The incorporation of suitable drugs in nanoparticles has been shown to protect pharmacologically active substances from degradation during storage as well as from early degradation/inactivation after injection [24] [25] . HSA covalently immobilized on modified magnetic nanoparticles so that it is significant for its magnetic applications in various bioprocesses, biomedical devices, and biomedicine [26] . The nanosystems for biomedicine consist of one or more magnetic cores and biological or synthetic molecules which serve as a basis for polyfunctional coatings on the magnetic nanoparticles surface. Proteins are promising materials for the creation of coatings on magnetic nanoparticles due to their biocompatibility, an ability to protect magnetic cores from the influence of biological liquids and prevent the agglomeration of magnetic nanoparticles in dispersion, their possible functional activity as therapeutic products.
One of the most frequently employed technique for the encapsulation of proteins into PLGA nanoparticles presents some challenges as instability problems [27] . The aim of this study described and investigated the interesting phenomenon in the development of encapsulated PLGA nanoparticles for protein delivery. Protein + SPIONs loaded PLGA nanoparticles have attracted their potential applications as protein carriers. To evaluate their potential as a protein carrier, HSA was used as a model protein for this study. We use encapsulated PLGA nanoparticles, which uses the combination of SPIONs and HSA. We report that the formation of these nanoparticles by characterizing their physicochemical properties, such as morphology, size, and surface chemistry can impact the biodistribution and pharmacokinetics of drugs by modifying interactions with the biological environment.
Materials and Methods

Materials
PLGA of 38 -54 kDa with 50:50 lactide-glycolide ratio, Pluronic F 127 , FeCl 2 , 
Synthesis of SPIONs
Oleic acid-stabilized Fe 3 O 4 SPIONs were synthesized by a co-precipitation method. Briefly, aqueous solutions of 0.1 M of FeCl 3 (30 mL) and FeCl 2 (15 mL) prepared with N 2 purged-water were mixed; then, 3 mL of 5 M solution of ammonia was added in small aliquots of 0.6 mL while stirring. A black precipitate formed indicating the formation of SPIONs. After 20 min of stirring under the N 2 atmosphere, 56.4 mg of oleic acid was added to the SPIONs and the temperature was raised to 80˚C and kept for 30 min while stirring to evaporate the ammonia. The magnetic nanoparticle was washed twice by centrifugation at 9000 rpm for 20 min to remove excess of oleic acid, the supernatant was discarded and the precipitate was lyophilized and stored at 4˚C.
Synthesis of HSA-SPIONs Loaded PLGA Nanoparticles
The preparation polymeric encapsulated PLGA nanoparticles, containing the combination of SPIONs and HSA were prepared using the multiple emulsion solvent evaporation methods. In a typical preparation, PLGA (25 mg) was dissolved in a sealed vial containing Dichloromethane (1 ml), HSA was dissolved in pure water (100 µL) by ultrasonic 10 min, and SPIONs dispersed in Dichloromethane by sonication with a probe-type sonicator (20 kHz, Bandelin Sonopuls, Bandelin GmbH, Berlin, Germany) at some parameters of time and power in an ice bath. The combinations variation parameters of time and power of sonication were accurately very important in producing very high quality of polymeric PLGA nanoparticles with the combinations of SPIONs and HSA for protein delivery application. This study shows that the difference in the power and time of sonication parameters are very small and could yield significant and very different result from each synthesis HSA-SPIONs-PLGA nanoparticles.
Then, this organic solution was added drop wise with a syringe pump (0.166 mL/min) to an aqueous solution (50 mL) containing Pluronic F 127 (typically 1 wt% if not otherwise stated) while stirring at 10˚C. After sonication with power 100 W for 15 minutes of this experiment to homogenize the resulting dispersion, the organic solvent was completely evaporated under mechanical stirring overnight, the dispersion subsequently centrifuged twice at 9000 rpm for 20 min and 20˚C. Subsequently, the supernatant was removed and the final precipitate was kept in the freezer.
Characterization of Nanoparticles
For this study, all of the nanoparticles were characterized using a TEM image, UV-Vis spectroscopy measurements, Zeta Potential, and PPMS for magnetizations. Nanoparticles zeta potentials were obtained by triplicate with a Zetasizer Nano ZS (Malvern, UK), using disposable folded capillary cells. Each experiment was repeated at least three times. On the other hand, the magnetization of this experiment was measured using PPMS for magnetization. As a function of the applied magnetic field from 5 K until 300 K. Magnetic susceptibility measurements were carried out with a SQUID magnetometer (Quantum Design MPMS5, San Diego, CA, USA).
Transmission electron microscopy (TEM) is the most powerful technique
Result and Discussion
SPIONs
SPIONs with appropriate surface chemistry have been widely used experimen- If the crystal size is small enough the thermal between the behavior of the small magnetic moment of a single paramagnetic atom and that of the much larger magnetic moment of a nanosized magnetic particle arises from the coupling of many atomic spins [11] . The quantum size effects and the large surface area of the magnetic nanoparticles dramatically change some of the magnetic properties and exhibit super paramagnetic phenomena and quantum tunnelling of magnetization, because each particle can be considered as a single magnetic domain [28] .
In this study, oleic acid-stabilized SPIONs were obtained by a co-precipitation method. The TEM image of the size and morphology of SPIONs was shown in 
Physicochemical Properties of HSA-SPIONs Loaded PLGA Nanoparticles
Many studies that have been studied further about PLGA nanoparticles combinations with SPIONs and vaccines, or proteins, or nucleic acids, or amongst others [16] . The emulsification by sonication method allowed the preparation of Size and morphology of HSA-SPIONs loaded PLGA nanoparticles from this experiment were acquired by TEM. TEM image was used to obtain essential information on primary size and morphology of nanoparticles. TEM is an important technique that it unique capability of probing the internal structure of individual nanoparticles. Figure 2 shows the TEM image of HSA-SPIONs loaded PLGA nanoparticles with sonication parameter of power 20 W for 12 minutes. In Figure 3 , we used 0.1 g/ml HSA-SPIONs loaded PLGA nanoparticles. TEM images in Figure 2 looked in the sphere nanocapsule and little bit aggregate in the nanocapsule.
UV-Vis measurement informed HSA around 10% in the polymeric nanocapsule PLGA, and HSA releases around 5.5% for 120 hours (see Figure 3 ).
In this study, HSA-SPIONs loaded PLGA nanoparticles have zeta potential around −10.15 mV. The magnetization of this experiment was measured using PPMS. As a function of the applied magnetic field from 5 K until 300 K, the result of magnetization of HSA-SPIONs loaded PLGA nanoparticles are shown in 
Conclusion
Many important parameters are required in the synthesis of HSA-SPIONs loaded PLGA nanoparticles. In summarizing our data, we argued that HSA-SPIONS loaded PLGA nanoparticles are long term stability. These results have important indication for their potential applications such as in protein delivery.
